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The densities of allyl aleohol, methyl-ethyl ketone, and toluene at low 
temperatures were determined by the sealed pycnometer method which was 
reported by the same authors in this Bulletin.” All the materials used in 
this experiment were Kahlbaum pure chemicals purified according to the 
usual methods. 

The boiling points of the samples were as follows. 


Allyl alcohol Methyl-ethyl ketone Toluene 
96.5° —96.6° C / 755.0 mm. 79.4° C / 751 mm. 110.2° C/ 753.1 mm. 


The experimental results are shown in Tables 1, 2, and 3 and accom- 
panying figure. Table 4 contains the densities at temperatures of round 


Table 1. Densities of Allyl Alcohol. 
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0.00 0.87042 
—10.43 0.87980 0.87959 
~19.08 | 0.88739 0.88720 
—21.40 0.88966 0.88930 
—26.87 | 0.89457 0.89417 


—40.18 0.90607 0.90606 
— 43.96 0.90974 0.90951 
—48.54 0.91377 0.91365 
—52.75 0.91746 0.91746 
—59.12 | 0.92362 0.92827 


—B59.50 0.92402 | 0.92362 
—65.78 0.92943 0.92936 
—66.33 0.93020 0.92986 
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(1) This Bulletin, 6 (1931), 118. 
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Table 2. Densities of Methyl-ethyl Ketone 


Temp. (°C) 
0.00 
—14.41 
—19.91 

— 25.50 
—29.36 


—30.70 
—35.29 
—37.58 
—37.73 
—37.95 


—45.37 
— 50.36 
— 55.35 
— 60.24 
—62.03 


— 65.03 
—177.83 


Density (obs.) 


0.82591 
0.83996 
0.84503 
0.85064 
0.85454 


0.85623 
0.86070 
0.86277 
0.86288 
0.86317 
0.87056 
0.87521 
0.88011 
0.88481 
0.88605 


0.88924 
0.90063 


Density (calc.) 


0.84007 
0.84544 
0.85089 
0.85464 


0.85594 
0.86039 
0.86259 
0.86274 
0.86296 


0.87011 
0.87490 
0.87968 
0.88435 
0.88606 


0.88891 
0.90103 


Pycnometer 


6 and 8 


D = 0.825 91 — 0.000 986 6 t — 0.000 000 274 ¢ 


Table 3. Densities of Toluene. 








Temp. (°C) 


0.00 
-11.70 
-13.86 

—19.60 
— 28.25 


— 35.17 
42.49 
—52.50 
—62.73 
— 70.38 


—79.41 
—89.27 


D = 0.88418 — 0.0009906 t — 0.000000 487 #2 


Density (obs.) 


0.88418 
0.89618 
0.89830 
0.90368 
0.91170 


0.91825 
0.92491 
0.93423 
0.94393 
0.95132 


0.95986 
0.96928 


Density (calc.) 


0.89670 
0.89782 
0.90341 
0.91178 


0.91842 
0.92539 
0.93479 
0.94439 
0.95142 


0.95978 
0.96874 
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6 and 
6 and 
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6 and 
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Densities of Allyl alcohol, Methyl-ethyl Ketone. 


Table 4. Densities. 


Temp. (°C) 


Allyl alcohol Methyl-ethyl ketone | Toluene 


0.00 0.87042 0.82591 0.88418 
—5.00 0.87481 0.83083 0.88912 
—10.00 0.87921 0.83574 0.89404 
15.00 0.88362 0.84065 0.89893 
—20.00 0.88805 0.84553 0.90380 


—25.00 0.89250 0.85040 0.90864 
—30.00 0.89697 0.85526 0.91346 
—35.00 0.90145 0.86010 0.91825 
— 40.00 0.90594 0.86493 0.92303 

-45.00 0.91045 0.86975 0.92777 


—50.00 0.91497 0.87455 0.93249 
-55.00 0.91951 0.87936 0.93719 
-60.00 0.92407 0.88411 0.94186 

—65.00 0.92864 0.88888 0.94651 

—70.00 0.93323 0.89362 0.95114 


— 75.00 0.93783 0.89836 0.95574 
—80.00 0.94245 0.90307 0.96031 
—£&5.00 — — 0.96486 

90.00 -- 0.96939 
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Fig. 1. 
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numbers, calculated by the empirical equations obtained by the least square 
method with the observed values. 

The present authors express their gratitude to Prof. S. Mitsukuri’s 
suggestions during the experiments. 


July, 1981. The Laboratory of Theoretical Chemistry, 
Faculty of Science, Tohoku Imp. Univ., Sendai. 


AN ENZYME WHICH HXDROLYSES GLUCOSE-MONO- 
SULPHATE® : GLUCO-SULFATASE. 
(Preliminary Communication). 

By Tokuro SODA and Chikahiro HATTORI. 

Received September 5th, 1931. Published October 28th, 1931. 


Many studies on the enzymic hydrolysis of sulphuric acid esters were 
carried out especially by Neuberg and his co-workers. They have already 
discovered pheno-sulfatase® and recently chondro-sulfatase.© Another 
sulfatase is in myrosin. It splits sulphuric acid esters of the glucosides 
contained in mustard, but it is different from above sulfatases according to 
Neuberg and is called by him Senfélglukosido-sulfatase. 

Glucose-mono-sulphate, synthetically prepared, was not fermented by 
yeast” and also Takadiastase which contains pheno-sulfatase has no power 
of hydrolysing it. 

Yamazaki, in our laboratory, has examined the action of myrosin from 
mustard upon this compound, but unmistakable result was not obtained 
though after several weeks very faint hydrolysis was observed (unpub- 
lished). It was also noticed that when the solution of the barium salt of 
this ester was stored long while, some bacteria grew in it and at the same 
time the deposition of the barium sulphate was remarkable, but we could 


(1) Neuberg and Liebermann: Biochem. Z., 121 (1921), 326; Ohle: ibid., 131 (1922), 601, 
136 (1923), 428; Soda: ibid., 135 (1923), 621. 

(2) Neuberg and Kurono: Biochem. Z., 140 (1923), 295; Neuberg and Linhardt: ibid., 
142 (1923), 191; Noguchi: ibid., 143 (1924), 186, 144 (1924), 188; Neuberg and 
Simon: ibid., 156 (1925), 365; Rosenfeld: ibid., 157 (1925), 434; Neuberg and 
Wagner: ibid., 161 (1926), 492, 174 (1926), 457; Weinmann: ibid., 205 (1929), 214; 
Fromgageot: ibid., 208 (1929), 482; Nakamura: ibid., 175 (1926), 226. 

(3) Neuberg and Hofmann: Biochem. Z., 234 (1931), 345; Naturw., Heft 23/25 (1931), 484. 

(4) Soda: Biochem. Z., 135 (1923), 623. 
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not decide whether this was due to the bacterial action or merely natural 
decomposition. 

Hirudo medicinalis when fed on the dilute solution of sodium salt of 
this ester, some increase of the sulphate ion was observed in a few days, 
yet we have not succeeded to prepare the enzyme solution from it. 

At last we have experienced very strong hydrolysing power of snails. 
Those we collected were of Eulota spp.: Eulota luhuana, Eulota quaesita 
and Eulota pelionphala. They are commonly found in Tokyo districts, 
especially in rainy season. From these the enzyme solution was prepared by 
such a procedure as described in the experimental part. The enzyme solu- 
tion was brought together with the substrate solution in a stoppered bottle 
and put aside at room temperature (22°—28°). Every day a portion of this 
mixture was drawn out and the sulphate ion was estimated after Dennis’s 
nephelometric method of blood sulphate estimation.” To compare the 
turbidity we used a control instead of the standard sulphate solution which 
is used in the usual procedure. The control was made from a solution of 
the same composition as the reaction mixture, freshly prepared just before 
every estimation, applying the same technique as for the reaction mixture. 
In this way the effect of a trace of sulphate ion which could not be removed 
from the original solutions was cancelled, and thus the difference of the 
nephelometric readings corresponds the degree of the enzymic hydrolysis. 

The series of data thus obtained are somewhat irregular but on the 
whole we can clearly recognize the progress of the hydrolysis. In good 
conditions about 1024 of the applied glucose-mono-sulphate was found to be 
hydrolysed in the course of a week (for these estimations Fiske’s benzidine 
titration method” was used). 

The action of our enzyme upon the potassium salt of following esters 
was also examined in order to know its specificity: Ethyl-sulphate, phenol- 
sulphate, galactose-tetra-sulphate™ and sucrose-sulphate. 

Ethyl-sulphate was not attacked throughout all the experiments, while 
it gave always positive results with glucose-mono-sulphate. Results with 
galactose-sulphate and sucrose-sulphate were sometimes negative and some- 
times positive, but not very marked. 

While phenol-sulphate was very strongly hydrolysed by Enzyme-B, it 
was only slightly decomposed by Enzyme-A and -D which were found to 
be very active toward glucose-mono-sulphate. For the preparation of 
Enzyme-A and -D we applied about the same procedure, but Enzyme-B was 


(1) Dennis: J. Biol. Chem., 49 (1921), 311. 
(2) Fiske: ibid., 47 (1921), 26. 

(3) Akamatsu: Biochem. Z., 142 (1923), 181. 
(4) Soda: ibid., 135 (1923), 621. 
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prepared by somewhat different way as is shown in experimental part. 
Thus it seems possible to differentiate the glucose-sulphate hydrolysing 
action of our enzyme from that of pheno-sulfatase; therefore it has, so far 
as we examined, specific action of hydrolysing glucose-mono-sulphate, and 
we wish to suggest for this new sulfatase a provisional name ‘‘ Gluco- 
sulfatase.’’ Its optimum pH seems to be about 7. We do not know yet 
whether this enzyme, as Neuberg’s chondro-sulfatase, has the faculty of 
hydrolysing chondroitin-sulphurie acid. An experiment to decide this ques- 
tion is now going on.* Moreover it should also be investigated whether 
both the pheno-sulfatase action and gluco-sulfatase action of our enzyme 
due to the one and same enzyme or there exist two different and separable 
enzymes. 

The authors wish to acknowledge their thanks to the Ministry of 
Education for a grant which partially covered the expenses of these experi- 
ments. 


Experimental Part. 


Preparation of enzyme solution. Snails were collected in Tokyo or its 
suburb. The first collection in which Eulota pelionphala predominated was 
treated as following: Snails were hungered for about a week in a cage, 
then their shells were removed (50 gr.) and crushed by freezing them in 
liquid air. Now 100 c.c. of water together with some coarse silica sand, 
kieselguhr and barium carbonate were added and ground in a mortar 
throughly by adding chloroform. After four days’ autolysis, the enzyme 
solution was separated by means of the centrifugal machine. We labelled 
this preparation Enzyme-A. 

Enzyme-B was prepared from the second collection, The most part of 
this collection were Eulota luhuana, and weighed 80 gr. when their shells 
removed. They were treated almost in the same manner as above des- 
cribed, by adding 160 c.c. of water, 15 gr. of kieselguhr and some silica 
sand, but in this case the addition of barium carbonate was omitted and 
toluene was used instead of chloroform. 

The third collection (the most part Eulota quaesita): Snails were 
hungered for about two weeks, and they have lost much of their activity. 
They weighed 180 gr. in naked state and were ground in a mortar immedi- 
ately, without freezing, to puree with some coarse silica sand and chloro- 
form. This puree was kept at room temperature for about a week in a 
stoppered bottle. 


* While this paper was under press, we have ascertained that the gluco-sulfatase did 
not hydrolyse chondroitin-sulphuric acid which was prepared from tracheal cartilage. 





An Enzyme which Hydrolyses Glucose-Mono-Sulphate. 261 


Enzyme-C was prepared from 60gr. of this puree merely extracting 
with 120c.c. of water. After some ten days, to another 60 gr. of the puree 
10 gr. of kieselguhr, 10 gr. of barium carbonate and some water were added, 
ground in a mortar and subsequently by means of centrifugal machine the 
solution of Enzyme-D was separated. 


Manipulations for the estimation of the increase of sulphate ion. For 
this estimation Dennis’s method™ was applied in the following manner: 
2 c.c. of the reaction mixture (composition of which are given at each pro- 
tocol) were drawn out every day. To this 5c.c. of HgCl-HCl mixture were 
added and filtered through after half an hour with a small amount of 
animal charcoal (free from sulphate). Of this clear protein free solution 
5 e.c. was taken out and then by adding 2.5 ¢.c. of ammonium nitrate solu- 
tion and 2.5 .c.c. of barium chloride solution the suspension of barium sul- 
phate was formed. Turbidity thus produced was compared with that of 
the control by means of nephelometer. The control was made, by applying 
the same manipulation as above stated, from a solution of the same com- 
position as the reaction mixture. This solution was made every time just 
before use by mixing the substrate solution and the enzyme solution which 
were kept at the same temperature as the reaction mixture. 


I. Experiments with Enzyme-A. 


Protocol No.1. (June 25th, 23°C). The composition of the reaction 
mixture : 
Enzyme solution Water Substrate solution 


5 c.c. 5 c.c. 10 ce. 


The approximate concentration of each substrate solution: 


(1) Sodium glucose-mono-sulphate (GIl.) 2% 
(2) Potassium phenol-sulphate (Phen.) 5% 
(3) Potassium galactose-tetra-sulphate (Gal.) 5 % 


% 


(4) Potassium sucrose-sulphate (Suc.) 5% 
7 


(5) Potassium ethyl-sulphate (Ethyl.) 


Days Gl. Phen. Suc. Ethyl. 
1 9.2 7.8 6.1 9.7 
2 8.9 8.9 ; 9.8 10.4 
4.5% 7.9 4 8.1 11.9 
7.3 8.9 11.9 


(1) loc. cit. 
* For these figures the control was set at 20.0 mm., as the turbidity was too high. 
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These figures are nephelometric readings in mm., those of controls 
being always set at 10.0 mm. This is understood in the following protocols 
too. 

At the sixth day the decomposed amount of sulphate of glucose-mono- 
sulphate was estimated: 5c.c. of the reaction mixture was treated with 
2c.c. of trichloroacetic acid (20°) and subsequently filtered through with 
animal charcoal (free from sulphate). With 5 ¢.c. of this protein-free 
filtrate the amount of sulphate was determined by Fiske’s benzidine titra- 
tion method.” 1.26 ¢.c. of NaOH solution (1 ¢.c. corresponds 0.311 mg. of 
sulphur) were used. From this value the amounts of sulphate hydrolysed 
in 1 c.c. of the original reaction mixture is calculated as follows: 


0.311 x 1.26 x 7/5 x 1/5 = 0.11 mg. as sulphur. 


After the acid hydrolysis of the protein-free filtrate the amount of 
sulphur was again determined in the same way. 1.14 Mg. of sulphur was 
found in 1 ¢.c. of the original reaction mixture. Therefore 0.11/1.14=9.7% 
of glucose-mono-sulphate ought to be hydrolysed by the enzyme. The in- 
fluence of sulphate in the control was here neglected because of its small 
amount. 

Protocol No. 2. (July Ist, 25°C.) The composition of the reaction 
mixture: 


Enzyme solution Buffer solution Glucose-mono-sulphate (2 %) 


5 c.c. 5 c.c. 10 c.c 


The buffer solution: 1/20 Mol. sodium acetate-acetic acid mixture, 
except for pH = 8 which was composed of 1/10 mol. ammonium chloride- 
ammonia. 

pH 
d 5 6 7 8 
10.6 8.8 8.2 7.6 7.2 
11.4 10.6 9.4 7.3 8.1 
9.5 8.9 7.4 6.4 8.4 
7.4 7.5 6.8 5.0 6.5 
6 8.3 7.6 6.7 5.5 7.4 


At the seventh day the hydrolysed amount of sulphate was estimated, 
as in protocol No. 1, with the solution of pH=7. It was found that 12.5% 
of the total sulphur was titratable as free sulphate ion. 


(1) loc. cit. 
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Protocol No. 3. (July 24th, 24°C.) The composition of the reaction 
mixture: 











Substrate solution 
10 c.c¢. 







Enzyme solution 
10 c.c. 





Days Gl. (6 %) Gal. 






1 9.3 10.9 11.5 
3 8.0 9.0 10.0 
4 6.4 8.7 9.2 
5 6.8 8.7 8.6 
7 5.1 8.8 8.8 





Il. Experiments with Enzyme-B. 








Protocol No. 4. (July 14th). This experiment was carried out in the 
thermostat at 35°C., the composition of the reaction mixture being the 
same as in protocol No. 2. Its pH was kept at 7.0. 



















Days 1 2 3 4 5 
6.8 3.3 4.5 7.4 6.6 









As was expected the erizymic hydrolysis went on very rapidly for the 
first few days, but later on the nephelometric readings gradually increased 
as is seen in above data. This singularity is probably due to the natural 
decomposition of solutions from which the control was prepared owing to 
the high temperature. Because, both the turbidities increased steadily if 
we compared each of them separately with that of 1/2000 mol. potassium 1 
sulphate. ‘a 

Protocol No. 5. (July 17th, 26°C.) The composition of the reaction hi 
mixtures was the same as that of Protocol No. 1. 




















Gl. (6 %) Phen. Gal. Suc. Ethyl. 
9.8 7.9 10.7 12.3 11.1 
6.6 6.2 12.5 7.5 13.7 


Days 
1 
3 
















Protocol No.6. (July 28th, 26°C.) The composition of the reaction 
mixtures was the same as that of Protocol No. 3. 













Days Gl. (3.8 %) Phen. 
1 8.9 10.3 
3 8.7 10.2 
4 7.7 4.7 
6 7.2 4.5 
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II. Experiments with Enzyme-C and -D. 


Protocol No. 7. (August 4th, 28°C.) The composition of the reaction 
mixtures was the same as that of Protocol No. 3. 


Enzyme-C Enzyme-D 
Days Gl. Phen. Gl. Phen. 
1 10.3 6.4 9.5 


2 7.0 9.7 6.6 6.4 
4 7.3 10.1 3.8 8.5 


Chemical Laboratory, Faculty of Science, 
Imperial University of Tokyo. 


ON THE RATE OF SOLUTION OF OXYGEN INTO WATER. 
PART VI. THE RATE OF ABSORPTION OF OXYGEN 
BY SODIUM SULPHITE SOLUTION. 


By Susumu MIYAMOTO and Tetsuo KAYA. 


Received July 30th, 1931. Published October 28th, 1931. 


Introduction. 


It was confirmed in the previous research” that the velocity of oxi- 
dation of sodium sulphite solution by oxygen, when the main body of the 
solution is well agitated with a stirrer of special construction, increases 
with the increase of the concentration of sodium sulphite as far as it attains 
a certain maximum value, which remains constant with the further increase 
of the concentration of sodium sulphite and that this maximum value is 
proportional to the area of the boundary surface. 

The fact that the maximum rate of oxidation of sodium sulphite 
solution is proportional to the partial pressure of oxygen was also con- 
firmed®. The interpretation on these experimental facts, given by the 
present writers, is based upon the assumption that the maximum rate of 
oxidation of sodium sulphite solution is equivalent to the rate of solution of 
oxygen into water, in the surface of which no free oxygen is present. 


(1) S. Miyamoto and A. Nakata, this Bulletin, 6 (1931), 9. 
(2) S. Miyamoto, T. Kaya and A. Nakata, ibid., 5 (1930), 229. 





On the Rate of Solution of Oxygen into Water. Part VI. 265 


The comparison” of the rate of solution of oxygen, calculated from the 
maximum rate of oxidation of sodium sulphite solution, with the initial 
rate of solution of oxygen into pure water, obtained directly by several 
writers”, confirmed that this assumption has great probability. 

It is intended in the present paper to describe the results of the 
measurements of the rate of absorption of oxygen by sodium sulphite solu- 
tion by the observation of the rate of the decrease of the volume of oxygen 
at constant temperature and pressure, which is in contact with sodium 
sulphite solution, the main body of which being well agitated with a stirrer 
of special constructions as in the previous research, and to discuss the 
phenomenon more precisely. 


Experimental. 


The apparatus employed is graphically shown in Fig. 1. 
D is a gas burette (25c.c.), Ea 

glass tube of about the same magni- 

tude as that of D, A and B stop-cocks, 

S a stirrer, whose wing is made to be 

at right angles to the boundary sur- 

face. The lower end of the outer tube 

of the stirrer is dipped in the solution 

to avoid the disturbance of the surface 

area, when it is put in motion, and 

the upper end of the tube is so con- 

structed that the gas present in the 

vessel is separated with mercury from 

air, as will be seen in the figure. 
The measurements were carried 

out in the following manner. 
All parts of the apparatus were 

placed in a water thermostat regulat- 

ed at a constant temperature. The 

tubes D and E were filled with water 

saturated with oxygen by the eleva- 

tion of the tube F, the stop-cock B 

being opened. A definite quantity of 

newly distilled water was poured into 

(1) loc. cit. 

(2) Adeney and Becker, Phil. Mag., 38 (1919), 317; 39 (1920), 385; 42 (1921), 87, Davis 
and Crandall, J. Am. Chem. Soc., 52 (1930), 3757, 3769. 
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the vessel through D, and oxygen gas, washed with acidified potassium 
bichromate solution and alkali, was passed through A into the vessel at a 
high velocity for about 30 minutes. 

Oxygen gas employed is that manufactured from liquid air and its 
oxygen content was determined by analysis to be 97 per cent by volume. 
When the air in the vessel has been completely replaced with oxygen, the 
tube D was also filled with oxygen by lowering the tube F, and a definite 
quantity of sodium sulphite solution of known concentration was added 
into the vessel through C, the total volume of the solution being made 
up to 40 c.e. 

The stop-cocks A and B were closed, the stirrer S was put in motion 
at about 400 revolutions per minute, and when the levels of water in D and 
E have been made to be at equal heights, the stop-watch was started. The 
levels of water in D and E were regulated to be always at equal heights by 
the elevation of the tube F and the height of water in the tube D was 
recorded from time to time. The rate of the decrease of the volume of 
oxygen at constant temperature and pressure was observed in this way. 


Representative results are givenin Table 1. The area of the interface 
is 27.75 cm’. in each case. 





Table 1. 
c Av Ya. An , 
t An x10 «10 
Temp. Na.SO, cor. “a | At 

normal min. c.c. moles | moles/min. | 
0 = on - 

20 4.17 18.59 0.929 

| 30 6.47 28.86 0.962 
0.3714 40 8.70 38.81 0.970 
50 10.91 48.67 0.973 | 

60 13.13 58.61 0.976 
Mean 0.962 
0 — — — 
30 6.21 27.71 | 0.924 | 
: 0.5811 40 8.31 37.07 0.927 
15°C. 50 10.45 46.65 | 0.933 | 

| Mean 0.928 

. * | = 

10 2.05 9.13 0.913 

30 6.16 27.47 0.916 

0.6299 40 8.26 36.84 0.921 

50 10.52 46.94 0.939 

Mean 0.922 

| Mean Value = 0.937 





; 
| 
' 
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Table 1—(Continued). 


Av 











. | An i 
t An x 10° x 105 
Temp. Na.SO, cor. At 
normal min. c.c. moles | moles/min. 
0 — — — 
15 4.22 18.85 1.26 
0.4356 25 7.24 32.28 1.29 
30 8.88 39.62 1.32 
Mean 1.290 
Q —_ 
20 5.70 25.44 1.27 
0.5050 40 11.75 52.44 1.31 
50 15.32 68.38 1.37 
Mean 1.317 
20°C. 0 asin a 
r 30 8.78 39.19 1.31 
0.5800 40 11.89 53.07 1/32 
Mean 1.315 
0 - i : 
10 3.02 13.48 1.35 
0.7440 20 6.09 27.16 1.35 
30 9.34 41.66 1.39 
Mean 1.363 
Mean Value = 1.321 
0 as - | “ 
| 20 7.95 35.47 1.77 
0.4202 30 12.39 55.29 1.84 
| 40 16.89 75.38 1.88 
Mean 1.830 k 
0 — | — - 
10 4.06 } 18.12 1.81 
0.4805 | 20 8.05 35.91 } 1.80 
30 12.39 55.31 1.84 
Mean 1.817 
25°C. * ada | ‘ 
i 2 a 
| 10 3.82 | 17.05 1.70 | 
20 7.77 34.69 1.73 
0.4964 | 30 12.21 | 654.48 132 | 
40 17.01 | 76.90 1.90 | 
| Mean 1.788 | 
‘x : 210 Cen _ | 
10 4.27 19.05 1.91 
0.573 } 20 8.58 38.30 1.92 
30 13.02 | 58.11 1,94 
| Mean 1.923 
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Table 1—(Coneluded). 


/ Av An 
0 _ x 1¢5 
Temp. Na.SO,; cor. At 


normal in. c.c. moles/min. 


8.18 1.83 
0.6110 12:30 1.83 
16.34 1:82 


1.827 


1.78 
1.81 
1.86 


1.817 


46 19.76 1.98 

0.702 } 39.64 1.98 
59.96 2.00 

Mean 


Mean Value 


26.94 
41.11 
56.41 
72.08 


jpororer 
SeaS 


~) 
~] 
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Initial concentrations of sodium sulphite solutions employed are given 
in the second column of the table. The values 4v..-, given in the fourth 
column of the table, are the quantity of oxygen absorbed during ¢- minutes 
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expressed by the volume of oxygen at 0°C. and 1 atmosphere, the vapour 
pressure of the solution and the barometric height being taken into calcula- 
tion. The absorbed quantities of oxygen expressed in the unit of gram mole- 
cules are given in the fifth column of the table, the rate of absorption being 
given in the last column. 

As was expected, the rate of absorption of oxygen by the solution is 
independent of the concentration of sodium sulphite. The rate of absorp- 
tion does not increase with the increase of the concentration of sodium 
sulphite in the range of its concentrations, given in the table. 

It was reported by Milbauer and Pazourek™ that the rate of oxidation 
of sodium sulphite solution of high concentration is smaller than that of 
lower concentration. As was above described, the rate of absorption of 


Table 2. 


Cy Av Anx105 An 
Na.SO; L. At 


normal in. c.c. moles moles / min. 


«10° 


5.29 0.529 
15.79 0.526 
20.74 0.519 
30.91 0.515 


Mean 0.522 


0.206 
0.210 
0.211 
0.206 
0.204 
0.202 


Mean 0.2065 


1.09 
Mean 1.093 


0.337 
0.326 
0.315 
0.322 


Mean 0.3250 


(1) Bull. Soc. Chim., 31 (1922), 676. 
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oxygen by sodium sulphite solution is independent of its concentration, 
when the concentration lies in the range of about 0.35—0.75 normal. The 
measurements were carried out when the concentration of sodium sulphite 
is comparatively high, and the representative results are given in Table 2. 
The phenomenon observed by Milbauer and Pazourek was confirmed. The 
rate of absorption of oxygen by sodium sulphite solution of high concentra- 
tion decreases with the increase of the concentration of sodium sulphite. 

It was ascertained by the preliminary experiments, that when the con- 
centration of sodium sulphite solution is lower than about 0.35 normal, the 
rate of oxidation of sodium sulphite solution increases with the increase of 
the concentration of sodium sulphite as far as it attains the maximum 
value, given in Table 1. 


Discussion. 


From the results of the experiments above described, it will easily be 
seen that there are three different stages when the effect of the increase of 
the concentration of sodium sulphite solution on the rate of oxidation of 
sodium sulphite solution is observed. The behaviour is graphically shown in 
Fig. 2. 


n 


at 
motes /min. x 10% 


200} 








At low concentrations of sodium sulphite solutions, the rate of oxidation 
of sodium sulphite solution increases with the increase of the concentration 
of sodium sulphite as far as it attains a certain maximum value. 

At middle concentrations of sodium sulphite solutions, the rate of 
oxidation of sodium sulphite solution is maximum and independent of the 
concentration of sodium sulphite. 

At high concentrations of sodium sulphite solution the rate of absorp- 
tion decreases with the increase of the concentration of sodium sulphite. 
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Under the conditions of the present experiments it was confirmed” 
that there exists no stationary liquid film at the interface, and according to 
the theory of one of the present writers (Miyamoto) the phenomenon can 
be interpreted in the following manner. 


At low concentrations of sodium sulphite solution the number of the 
molecules of sodium sulphite at the upper surface layer is not sufficient to 
react with all of the molecules of oxygen, which enter into the liquid phase 
per unit time. Then in this case a part of the molecules of oxygen, which 
could not react with sodium sulphite, will go back into the gas phase, and 
a part of them diffuses into the main body of the solution. Under special 
condition, the upper surface of the liquid will be saturated with the mole- 
cules of oxygen in a short time, and a part of the molecules which diffuse 
towards the deeper layer of the liquid, will react with the molecules of 
sodium sulphite, which diffuse towards the reacting zone from the main 
body of the solution. Under this condition, the rate of solution may be 
expressed by the following equation, proposed by Davis and Crandall.” 


; = ) = k(Cu+C.), 


dt 


where C,, is the concentration of sodium sulphite solution, C.. the satura- 
tion concentration of oxygen in water, S the area of the boundary surface, 
k a constant, n the number of moles of oxygen in the liquid phase. 

When the quantity C.. is negligible compared with C,,, the equation 
becomes 


In the second stage, the number of molecules of sodium sulphite at 
the boundary surface is quite sufficient to react with all the molecules of 
oxygen, which enter into the liquid phase per unit of time, and therefore 
the concentration of oxygen at the interface is always kept at zero. Under 
these conditions, it will easily be accepted that the rate of oxidation of 
sodium sulphite solution, which is, in this case, equal to the rate of solution 
of oxygen into the solution, is equivalent to the rate of solution of oxygen 
into water, in the surface of which no free oxygen exists, and that the rate 
of absorption of oxygen by the solution is maximum, which is independent 
of the concentration of sodium sulphite. 


(1) S. Miyamoto, T. Kaya and A. Nakata, this Bulletin, 6 (1931), 133. 
(2) J. Am. Chem. Soc., 52 (1930), 3769. 
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As was discussed in the previous paper,” the behaviour in this stage 
will be difficult to be interpreted by the ordinary diffusion layer theories, 
which are based on the assumption that the boundary surface is instan- 
taneously saturated with gas. 

The following equation” was proposed for the rate of solution of gas 
into liquid by one of the present writers (Miyamoto). 


dn m N” N” 
—_ at moles sec. » 
Jt 


where N”’ is the number of moles of the gas which enters into the liquid 
phase per second, N’’’ the number of moles of the gas which leaves the 
liquid phase per second, and n the number of moles of the gas in the liquid 
phase. 

When the concentration of the gas in the liquid phase is kept at zero, 
the equation (1) becomes 


dn ” 
( ) _ N moles sec. 9» 
dt %o 


According to the theory of one of the present writers,” 


60 — ee 
My 2RT o 
( =” ) ™ N = Pe e ” S moles'‘min. 9 *2#e8 (3) 


St Jo V24rMRT 


where >, is the partial pressure of the gas, M the molecular weight of the 
gas, R the gas constant, S the area of the boundary surface, and uw a 
constant. 

The derivation of this equation is based upon the assumption that 
among the molecules, which collide with the liquid surface, only those, 
whose components of velocity at right angles to the surface are greater 
than a threshold value uw, are able to enter into the liquid phase. 

When the concentration of the gas in the liquid phase is not kept at 
zero, the rate of the escape of molecules of the gas from the liquid phase 
should naturally be taken into consideration as was described in the pre- 
vious paper.“ 

At high concentrations of sodium sulphite solution, the concentration 
of oxygen at the liquid surface will also be kept at zero by the presence of 


(1) S. Miyamoto, T. Kaya and A. Nakata, this Bulletin, 6 (1931), 133. 
(2) S. Miyamoto and A. Nakata, ibid., 6 (1931), 18. 

(3) S. Miyamoto and A. Nakata, this Bulletin, 6 (1931), 20. 

(4) Ibid. 
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the sufficient quantity of sodium sulphite reacting with all the molecules of 
oxygen, which enter into the liquid phase per unit of time, so long as the 
main body of the liquid is well agitated with a stirrer, and the oxidation 
velocity of sodium sulphite solution will be equal to the rate of absorption 
of oxygen by the solution, which will be expressed by the above mentioned 
equation (8). 

As the threshold value uw should be considered to depend upon the 
properties of the boundary surface, it may be expected with a high degree 
of probability that the value uw of pure water and that of the solution will 
have different values. From the equation (3), it is quite clear that the rate 
of solution of gases will depend upon the threshold value uw. When the 
concentration of sodium sulphite is not very high, the minute difference of 
the nature of the boundary surface will have no appreciable effect on the 
value uw, but at high concentration the threshold value wo will be influ- 
enced by the change of the nature of the interface. Therefore the present 
results of experiments may be explained by the assumption that the thresh- 
old value uo increases with the increase of the concentration of sodium sul- 
phite. At high concentration of sodium sulphite the rate of solution of 
oxygen decreases in consequence of the increase of the value wo. 

In Tables 3 and 4, the results of the present experiments are given in 
comparison with the results of the experiments, reported in the previous 
paper.” The agreement will be satisfactory. 

In the fifth column of Table 4, the threshold value uw at several tem- 
peratures, calculated by the equation (3), using the observed values of the 
rate of solution of oxygen into sodium sulphite solution, are given. The 
value uo was found to be independent of temperature within the region of 
the present experiments. 

The value 8 given in the fourth column of the table, stands for the 
ratio of the number of molecules of oxygen which enter into water and the 
number of molecules of oxygen which collide with the liquid surface per’ 
unit of time, and was calculated by 































Mu,* i 
eae" A 1 (sn) Y2eMRT 7. 
60 S \ st /o Po, if 





In the last column of the table, the root-mean-square-velocity of oxygen 
at several temperatures, calculated by 









3RT 


a a 
 ¢ Fi. uM 





(1) Loe. cit. 
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Table 3. 
Ss An 1 1 An 
Temp. Method At 60 S At 
cm* moles per min moles per sec. 
: Whe ‘ per cm*. 
Volume decrease 27.75 0.937 x 10-* 5.63 x 10-9 
15°C 
Iodometry 5.53 x 10-9 
20°C. Volume decrease 27.75 1.321 x 10-° 7.98x10-9 
Volume decrease 27.75 1.856 x 10-5 11.14x10-% 
25°C. 
lodometry - 10.75 x 10-9 
Volume decrease 27.75 2.797 x 10-5 16.81 x 10-9 
35°C. 
Iodometry - : 16.25 x 10-° 
Table 4. 
Po :. 2 oe) Up VC 
Temp. | Method 60 S \ At 8 
- moles per sec. r ; . : 
atms. | : | _per em?, ee as iead ae. _ per sec. 
| 
Volume ae | 5:68X10-9 1.278x10-§ | 1.649105 
| 15°C. 0.954 |———___——— 4.737 x 104 
| Iodometry | 5.53x10-9 1.258x10-8 1.650 x 10° 
| annie | Volume | "7 _ = ‘ os ‘ anne, 
| 20°C. | 0.948 | eenene | 7.93 x 10 1.828 x 10-§ 1.647 x 10 4.778 x 104 
Volume 11.14x10-® -2.773x10-* | 1.641105 
decrease | 14x ‘ x 1.641 x 10 


| 25°C. | 0.941 | | ;, —__—_— 4.818 x 108 
| Iodometry | 10.75x10-°  2.517x10-8 1.646 x 105 


Volume > : : ! ‘ 
decrease | 16.81x10-® 4.111 10-5 1.650 x 10 


| 35°C. 0.916 nent —-—-- 4.898 x 104 
| Iodometry | 16.25x10-9  3.974x10-8 1.651 x 105 
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are given. It follows from the present research that only the molecules of 
oxygen, whose components of velocity at right angles to the boundary sur- 
face are greater than approximately 3.4 times the root-mean-square- 
velocity, are able to enter into the liquid phase. 


Summary. 


(1) The rate of solution of oxygen into sodium sulphite solution of 
various concentrations was observed by the measurements of the decrease 
of the volume of gas phase at constant temperature and pressure. 

(2) At low concentrations of sodium sulphite solution, the rate of solu- 
tion of oxygen increases as the concentration of sodium sulphite increases. 
At middle concentrations, the rate of solution is maximum and independent 
of the concentration of sodium sulphite. 

At high concentrations the rate of solution decreases with the increase 
of the concentration of sodium sulphite. 

(3) A theoretical interpretation on the results of the present experi- 
ments was given. 


The present writers are indebted to the Department of Education for 
a grant. 


Laboratory of Physical Chemistry, 
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DIE ELEKTROCHEMISCHE OXYDATION 
DES TOLU-p-CHINONS. 
Von Moriaki YOKOYAMA und Wataru ISHIKAWA. 
Eingegangen am 31 August, 1931. Ausgegeben am 28 Oktober, 1931. 
Wie einer der Autoren vor einiger Zeit an anderer Stelle” mitgeteilt 
hat, kann man durch elektrochemische Oxydation von 1-Methyl-benzol- 


sulfonsdure-(4) die Mesaconsdure erhalten. Die Entstehung wurde dabei 
nach folgendem Schema erklart : 


(1) M. Yokoyama, Helv. chim. Acta., XIII (1930), 1257. 
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CH, CH, CH; CH, CH; 


> —» > | —— Hooc ‘CH 
OH | 
- COOH 
SO,H SO,H SO,H SO;H 


Es ist darnach anzunehmen, dass o-Kresolsulfonsiure™ und Toluchinon 
bei elektrochemischer Oxydation auch Mesaconsdéure ergaben. Daher 
haben wir vorliegende Untersuchung unternommen, um die Annahme iiber 
den Verlauf von p-Toluol-sulfonséure zu stiitzen, und das bis jetzt wenig — 
studierte Verhalten der Chinone® bei Einwirkung von anodischen Sauer- 
stoff zu erkennen. 


I.. Elektrochemische Oxydation von Toluchinon. 


Der elektrolytische Trog, der in einem grésseren Kiihlgefiss stand, 
bestand aus einem cylindrischen etwa 200cm* fassenden Glasgefass, 
welches durch einen mehrfach durchbohrten Kautschukstopfen verschlossen 
wurde. 





(1) Aus der o-Kresolsulfonsiure wurde die Mesaconsdure durch elektrochemische Oxyda- 
tion erhalten. (ibid.). 

(2) Ueber o-Xylochinon; M. Yokoyama, Helv. Chem. Acta, XII (1929), 771; Ueber Ben- 
zochinon ; R. Kempf, J. prakt. Chem., [2], 83 (1911). 
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Der Anolyt enthielt je 2.5 gm. Toluchinon® in 100 ccm 10 % iger 
Schwefelsdure, das Chinon war teilweise gelést und teilweise suspendirt. 

Wie Fig. 1 zeigt, befand sich die cylindrische Platinblechkathode in 
einem ebenfalls zylindrischen Tondiaphragma, welches mit einem Glasrohr 
bedeckt wurde um Gasdiffusion in den Anodenraum zu verhindern. 

Der Katolyt war 10 % iger Schwefelséure. Es wurde an einer cylindri- 
schen Bleidioxydanode bei der anodischen Stromdichte von 0.05” Amp/cm?. 
oxydiert. Der Elektrotyt wurde dureh Eiswasserkiihlung auf 10-12°C. 
gehalten. 

Zur Erzielung einer standigen Bewegung und einer dadurch feineren 
Suspension des Reaktionsgemisches wurden die Apparate auf der Platte 
einer kleinen Schiittelmaschine aufgestellte. Der gelb gefarbte Elektrolyt 
verblasste im Verlauf der Elektrolyse allmahlich, bei langerer Elektrolyse 
verschwand die Suspension und schliesslich wurde die Fliissigkeit klar und 
farblos. 


A. Die gas-formigen Reaktionspropukte: Wahrend der Elektrolyse 
wurde das Kathodengas ins Freie geleitet, das Anodengas aber durch den 
den Anodenraum verschliessenden Gummistoffen gefiihrt war, in die auf- 


fangbiirette von 1 L. Inhalt (A in Fig. 2). 

Die kleine Gasauffangbiirette (B) war notwendig, um das Anodengas 
dann aufzunehmen wenn ein Teil des Gases aus (A) zum Zweck der Analyse 
in das Azotometer (C) tibergefiihrt wurde. Als Sperrfliissigkeit dieser 
Auffang- und Messapparatur diente gesittigte, Kohlendioxyd praktisch 
nicht absorbierende Natriumchloridlsg. der einige Tropfen konz. Schwefel- 
sdure und Phenolphthaleinlsg.” zugesetzt waren. 


(1) Das nétige Toluchinon stellten wir anfangs aus o-Toluidin (Kahlbaum) nach Angaben 

von K. Schnitter dar (Ber., 20 (1887), 2283), erzielten aber ein unbefriedigendes 
Resultat. Indessen lasst sich durch eine leichte Modification des Schnitterschen 
Verfahrens das Chinon aus dem Reaktionsgemisch leicht abtrennen. Diese kleine 
Abanderung bestand im Wesentlichen darin, dass bei der Isolierung des entstandenen 
Chinons die miihsame Aetherextraktion durch Vakuum Destillation ersetzt wurde. 
Dadurch erhielten wir so reine gelbe Krystalle von Toluchinon mit der Ausbeute von 
70% , dass fiir gewohnlichen Zweck die Reinigung nicht nétig war. Smp. 68°C . 
Bei den meisten Versuchen haben wir mit Stromdichten von 0,05=Amp/cm* gearbeitet 
um die Versuchszeit abzukiirzen, obwohl die Stromausbeute mit Da = 0.0125 Amp/cm? 
besser als die mit Da = 0.05 Amp/cm*? war., Wenn die Versuch bei Da = 0.0125 
Amp/cm, durchgefiihrt wurden, wird bei den gasanalytischen Resultaten speziell 
daraufhingewiesen. 

(3) G. Hoffmann, Z. angew. Chem., 39 (1926), 401. 


(4) H. Tropisch, Z. angew. Chem., 39 (1926), 23. 
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Ein aliquoter Teil des in der Literbiirette 
(A) aufgesammelten Gases wurde, nach dem 
Lesen des genauen Volum durch Azotometer 
(C), in die mit 35% iger Kalilauge gefiillte 
Biirette (D) mit Hilfe des Dreiweghahns 
iibergefiihrt, um den Gehalt des Gases an 
Kohlendioxyd zu ermitteln. Der Gehalt des 
Anodengases an Sauerstoff wurde bestimmt 
in einer Hempelschen Gasabsorptionspipette, 
die nach Franzen” mit alkalischer Natrium- 
hydrosulfitlsg. gefillt war, und der Gehalt 
an Kohlenoxyd in einer gleichen Pipette, 
deren Fiillung aus ammoniakalischer Kupfer- 
chloriirlsg. und Kupferdrahtnetzréllchen® 
bestand. 
Einige Analysenresultaét aus der grossen 
Reihe der durchgefiihrten Versuche wurden 
in der folgenden Tabelle zusammengestellt. 
Die Gasvolumina wurden darin auf 0°C und 
760 mm Druck reduziert. 
Wie aus der Tabelle (1) und (2), und 
Kurven (Fig. 3 und 4) ersichtlich, ist das 
Verhalten der Anodengase nicht so unverschiedlich, doch ist die Strom- 
ausbeute bei niedriger Stromdichte besser als die bei héherer. Die Menge 
des Kohlenoxyds ist fast konstant. Der Sauerstoff nimmt zundchst ab 
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(1) Treadwell: Lehrbuch der Analyt. Chem. Bd II (11 Aufl.) 667. 
(2) Ebenda 669. 
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Tabelle 1. 
Stromstirke: 2.5 Amp. Stromdichte: 0.05 Amp. /cm.? 





Prozenten der 


Gesamt aufgefangenen Gas- produkte 


Verbrauchte 
Stunden | Anodengas : Strom 


O; in Zelle ausbeute() 


ecm. CO, co 0, (ccm)() 


355.2 19.2 cf 261.0 
387.5 24.3 82 | 260.3 
399.8 35.1 ws | 294.5 
407.4 38.2 8.1 303.0 
423.0 37.4 8.3 . 291.0 
439.5 34.9 8.8 : 274.2 
445.9 33.9 8.4 | 264.8 








Tabelle 2. 
Stromstairke: 0.625 Amp. Stromdichte: 0.0125 Amp. / cm’. 


Prozenten der 


Gesamt ', fs ‘as- Verbrauchte S ‘ 
Stunden Anodengas anfgetngesan Gas- produits O, in Zelle itn 


ccm. Co, CO | 0, (cem)) 


98.8 20.4 7.4 72.4 * 58.8 45.2 
106.1 29.4 6.8 63.8 62.5 45.8 
106.1 36.1 6.4 57.6 69.0 53.0 

82.5 38.2 7.6 54.2 85.6 65.7 

84.8 41.2 7.5 51.3 86.8 66.6 


88.9 45.2 7.0 47.8 87.8 67.5 
73.5 51.1 8.4 40.5 100.5 76.5 
80.9 55.3 8.0 36.7 106.5 82.0 
60.5 55.3 7.6 37.1 100.6 81.5 
75.5 54.0 8.0 38.0 101.6 78.2 


Semon nanrk wn e 


(1) Die Werte wurden erhalten durch Subtraktion der aufgefangenen Sauerstoffvolumina 
von 522.6 ccm. (2.5 Amp. entwickeln pro Stunde nach dem Faraday’schen Gesetz 
0.7462 gm. O, = 522.6 cm’.) 

(2) Der in der Zelle verbrauchte O, in Prozenten des elektrolytisch entwickelten Sauer- 
stoffs. 

(3) 0.625 Amp. entwickeln pro Stunde 0.1865 gm. O, entsprechend 130.6 ccm. und die 
Werte wurde berechnet wie Tabelle 1. 
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mit steigender Strommenge und erreicht einen Minimum Punkt, dagegen 
sind die Verhaltnisse des Kohlendioxyds umgekehrt. 

Aus diesen analytischen Daten, kann man vielleicht so folgen, dass 
aus Chinon zuerst Substanzen entstehen, die leichter als dieses Ausgangs- 
matial zu Kohlenoxyd und Kohlendioxyd abgebraut werden. In dem Masse, 
wie sich diese leichter oxydierbaren Koérper (z.B. Ameinsensdure, Malein- 
sdure u.s.w.) in Anolyt anreichern, wird der elektrolytisch entwickelte 
Sauerstoff starker verbraucht. 


B. Die in Aether leicht léslichen Produkte. Nach beendeter Elek- 
trolyse (Strommenge 30 F/Mol) wurde der Anolyt unmittelbar durch Aus- 
schiitteln mit Benzol vom unverdnderten Chinon befreit. Der vom Chinon 
befreite Anolyt wurde von fiinf einzelnen Versuchen gesammelt und mit 
Aether mehrmals ausgeschiittelt. Die Aetherlsg. hinterliess nach Ent- 
fernung des Aethers eine nach Ameisensdure riehende, braun gefarbte 
Fliissigkeit. 

Um die Ameisensdure zu entfernen, wurde der Destillationsriickstand 
einige Mal mit frischem Aether geschiittelt und iberdestilliert. Durch 
intensive Mischung der tberdestillierten Aetherlsg. mit einem widssrigen 
Bariumcearbonatbrei, Trennen und Filtrieren der wassrigen Schicht und 
Verdampfen des Filtrats erhielten wir Bariumformiat. Nach der Ent- 
fernug der Ameisensdure erstarrte der Aetherriickstand zu einer krystal- 
linischen Masse, die mit Wasser in einen schwer (a) und leicht léslichen 
Teil (b) zerlegt werden konnte. Der erstere betrug etwa 0.13 gm. und der 
zweite 1.9 gm. . 

(a) Die in Wasser schwer lésliche Substanz: Aus der schwer léslichen 
Substanz wurde wiederholtes Umkrystallisieren aus heissem Wasser und 
Vakuumsublimieren (13 mm.; 150°C.) ein weisses Krystallpulver erhalten, 
das Lackmuspapier rétete und zwischen 200° und 202°C. schmolz. Es war 
Mesaconsdure. In dieser Fraktion gab es noch eine fast schwarze krystal- 
linische Masse, die unléslich in heissem Wasser, léslich in Alkohol, nicht 
sauer gegen Lackmus war und bis 290 C°. nicht schmolz. Nach diesen 
Beobachtungen ist diese Substanz vermutlich ein Polymerisationsprodukte 
von Toluchinon, entstanden infolge des Gegenwart von Schwefelsiure. 

(b) Die in Wasser leicht luslichen Produkte: Diese Substanz wurde in 
wenig Wasser gelést und mit Tierkohle unter Zusatz von etwa Schwefel- 
sdure gereinigt. Aus der gereinigten Lsg. wurde durch mehrmalige Aus- 
dithern eine weisse Substanz erhalten, die im Wesentlichen aus Maleinsdure 
bestand. Daraus stellten wir mit Hilfe von Bariumcarbonat das schén 
krystallisierende Bariumsalz der Sdure her. Durch Lésen in verd. Essig- 





(1) Spica, Gazzetta Chimica Italiana, 12, 225. (Beilstein, 4 Aufl., VII, 646). 
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sdure (50 %) wurde das Bariumsalz vom anderen in 50% Essigsdure schwer 
léslichen und als Reaktionsprodukte méglichen dicarbonsauren Salzen ge- 
trennt. Nach dem Eindampfen des Filtrats blieb ein weisser krystalli- 
nischer Riickstand, der mit wenig Wasser aufgenommen und mit Schwefel- 
sdure vorsichtig vom Barium freigemacht wurde. Aus der so erhaltenen 
Lsg. erhielten wir weisse schénen Krystalle, die nach nochmaligem Um- 
krystallisieren aus Aether bei 130°C. schmolzen. 

Die in verdiinnter Essigsadure schwer léslichen Bariumsalze konnten wir 
einstweilen wegen Substanzmangels nicht weiter identifizieren. 


C. Die mit Aether nicht extrahierbaren Produkte: Eine Probe des 
nach der Extraktion mit Aether zuriickgebliebene Teils des Anolyten wurde 
eingedampft und gegliiht; sie schwarzte sich beim Gliihen stark unter 
Verkohlungserscheinungen. Der Anolyt enthielt also noch organisches 
Material. 

Der Anolyt wurde deshalb zundchst mit der berechneten Menge von 
Bariumcarbonat von der Hauptmenge Schwefelsaure befreit und das Filtrat 
vom Bariumsulfat mit Tierkohle gereinigt. Dann wurde die Fliissigkeit 
mit Bleiacetatlsg. behandelt, um eventuell vorhandene Traubensdure iiber 
ihr Bleisalz zu isolieren. Das abfiltrierte und gut ausgewaschene Bleisalz 
wurde mit Schwefelwasserstoff in heisser wassriger Suspension zerlegt, das 


Sulfid filtriert und die Fliissigkeit im Vakuum eingedampft. Der Riickstand 
wurde in einer kleinen Menge Wasser gelést und im Vakuum-Exssikator 
eingedunstet. Hier schieden sich aus der braunen Fliissigkeit fast weisse 
Krystalle von Traubensdure aus, die auf Ton abgepresst und aus Wasser 
unter Anwendung von Tierkohle umkrystalliert wurden. Die Krystalle 
schmolzen bei 197°-200°C. unter Schaéumen. 


Identifizierung der Oxydationsprodukte.™ 


Ameisensiure. Das Bariumsalz wurde nach zweimaligem Umkrystallisieren aus 
Wasser im Vakuum iiber Schwefelsdure bis zur Gewichtskonstantz getrocknet ; die 
Analyse ergab folgende Werte : 

0.1739 gm. gaben durch Abrauchen mit Schwefelsdure 0.1777 gm. BaSO,. Gef.: 
Ba = 60.13% . Ber. fiir (CHO,), Ba: Ba = 60.42%. 
Die Saure schied aus Mercurichloridlsg. Mercurochlorid ab und reduzierte Silber- 
nitratlsg. 
Mesaconstiure. Sie wurde durch Sublimation im Vakuum. (13 mm.; Badtemp. 140°- 
150°C.) gereinigt. Smp. 201°C. (er sollte bei 204.5°C.© liegen); der Mischschmelz- 
punkt ergab mit einen kauflichen Praparat (von Kahlbaum) 202°C. 


(1) Die zur Identifizierung gebrauchte Oxydationsprodukte wurden durch mehrmaligen 


Versuchen erhalten. 
(2) H. Mottern u.G. Keeman, J. Am. Chem. Soc., 53 (1931), 2347. 
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Anal: Subst. = 0.1165, 0.0991; CO. = 0.1968, 0.1671; HO = 0.0457, 0.0422 gr. 

0.1378 gm Subst. verbrauchten 41.6 ccm 0.05-N Natronlauge. 

Gef.: C = 46.07, 45.99; H = 4.39, 4.76%; Aeq-Gew. = 66.25. Ber. fiir C;H,0,: 
C = 46.14; H = 4.65%; Aeq-Gew. = 65.02. 


Maleinséiure. Bei Vakuumsublimation mit Phosphorpentoxyd (13 mm. Druck und 80°- 
110°C.), lieferte sie ein Sublimat von Maleinséureanhydrid™ in schénen Krystallen. 
Das bei 51°C. schmolz. Das Bariumsalz wurde nach dem Trocknen® bei 100°C. der 
Analyse unterworfen. 


Subst. = 0.2106; CO, = 0.1348; H,O = 0.0303 gm. Subst. = 0.1914; BaSO, 

0.1641 gm. Gef.: C=17.389; H=1.61; Ba= 50.45%. Ber. fur C,H,O,Ba+H.O: 
C=17.82; H=1.50; Ba = 50.98%. 
Traubensaure. Diese wurde durch den Schmelzpunkt (gegen 201°C.), durch die Art 
des Schmelzens (unter charakteristischem Gasblasen) und durch die Reaktion ihrer 
wassrigen Lsg. mit Gypswasser (Fallung feiner nadelformiger Krystalle) charakteri- 
siert. Das mit Bariumacetat erhaltene Bariumsalz®) wurde nach dem Trocknen iiber 
Schwefelsdure der Analyse unterworfen. 


Subst. = 0.1901; CO,.= 0.0974; H,O=0.0520gm. Subst. = 0.1211; BaSO, - 
0.0828 gm. Gef.: C= 13.98; H=3.06; Ba = 40.23. Ber. fur C,H,O,Ba+3H.0: 
C=14.14; H=2.97; Ba = 40.47%. 


Die elektrochemische Oxydation von Tolu-p-Chinon der Oxydation nicht 
stand halt, sondern weiterm Abbau unter Bildung von Maleinsdure, Amei- 
sensdure neben Mesaconsdure, Kohlendi- und Kohlenmonoxyd unterworfen 
ist. Die Maleinséure gibt durch weitere Oxydation Traubensadure, Amei- 
sensdure, u.S.w. 

Unter Zusammenfassung aller bischerigen Beobachtungen lasst sich 
einstweilen folgendes Schema iiber den Oxydationsverlauf, (wobei die letzten 
Stufen Ameisensdure, Kohlenoxyd und Kohlendioxyd noch nicht beriick- 
sichtigt sind), aufstellten : 


O HOOC-C-CH, 


I | 
/\cn. HOOC-C-H 


\7 H -C-COOH CH(OH)COOH 
I . I | 
O H-C-COOH CH(OH)COOH 


(1) R. Kempf, J. prakt. Chem. (2), 78 (1908), 239; Ber., 39 (1906), 3722. 

(2) D. Vorlander, Ann., 280 (1894), 192. vgl. auch Kekulé u. Strecker; Ann., 223 (1884), 
185. 

(3) Lossen u. Riebensahm, Ann., 292 (1896), 313. 





Die elektrochemische Oxydation des Tolu-p-chinons. 


Il. Elektrochemische Oxydation der Maleinsaure. 


Da nach obigen Versuchen anzunehmen ist, dass die Traubenséure 
durch weitere Oxydation der Maleinsaure entstanden ist, so wurde auch 
diese Sdure elektrolytich oxydirt. 

Die Apparatur und die Elektrolysebedingungen waren dem vorigen 
Analog. 

2 gm. Maleinsdure (Kahlbaum) wurden in 100cem 10% iger Schwefel- 
sdure gelést und bei 10°-13°C. (unter Eiswasserkiihlung) an einer Bleidi- 
oxydanode mit der anodischen Stromdichte 0.05 Amp/cm? oxydirt; die 
Kathode war ein Platinblech, der Katholyt 10% iger Schwefelsaure. 


A. Die gasformigen Reaktionsprodukte: Kohlenmonoxyd und Koh- 
lendioxyd erhielten wir auch bei diesen Versuchen. Die gasanalytischen 
Resultate sind in der folgenden Tabelle zusammengestellt. 


Tabelle 3. 
Stromstarke: 2.5 Amp. Stromdichte: 0.05 Amp./cm.? 


aa i Prozenten der Ve b h 

Gesamt aufgefangenen Gas- produkte /erbrauchte Strom- | 

Stunden Anodengas Cin Zelle anthemte™ | 
ccm co, CO O, (ccm) 


398.3 34.9 6.6 58.E 283.5 
428.0 31.5 7.6 30.4 260.5 
450.0 29.1 8.0 62.5 238.5 
484.9 25.9 5.3 3.5 214.3 
485.0 22.9 4.9 : 195.5 
422.0 14.9 2.0 ; 162.8 


In Vergleich mit friiheren Anodengas- 
analyse ist die Gasabscheidung im Verlauf 
dieser Elektrolyse analog. 


B. Die in Aether loslichen Produkte: 
Die zugefiihrte Strommenge 14F/Mol. Die aus 
dem Anolyten durch mehrmalige Extraktion 
mit Aether erhaltene Mischung von Stoffen 
erwies sich nach Entfernung des Aethers als 
eine stechend nach Ameisensaure riechende 
Fliissigkeit. Daraus erhielten wir auch 
Bariumformiat (etwa 1 gm fiir 5 einzelne 
Versuche) nach gleicher Behandlung wie der 
Oxydation von Toluchinon. Nach der Ab- 











Prozenten der Gasprodukte 








—— Stunden 
Fig. 5. 


(1) Die Werte wurden berechnet wie Tabelle 1. 
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scheidung der Ameisensdure erstarrte die Fliissigkeit zu schénen Kry- 
stallnadeln (etwa 3.2 gm fiir 5 einzelne Versuche), deren Smp. zwischen 
125° und 142°C war (keine einheitlichen Subst.). 

Zwecks Isolierung der Maleinséure (Ausgangsmaterial) von anderen 
Reaktionsprodukten stellten wir Bariumsalz dieser Substanz dar. Aus 
diesem Salze erhielten wir nach der bei der Oxydation von Tolu-p-chinon 
bereits erwdhnten Behandlung etwa 2.6 gm unverdnderte Maleinsdure. 
Nach diesen Beobachtungen miissen noch andere Produkte existieren, 
deren Natur wir einstweilen noch nicht ermitteln kénnen. 


C. Die durch Aether nicht extrahierbaren Produkte: Aus der nach 
der Extraktion mit Aether zuriickgebliebenen Anodenfliissigkeit erhielten 
wir nach der im Abschnitte I (C) geschilderten Methode auch traubensaures 
Blei (1.9 gm fiir 5 einzelne Versuche). Nach Abscheidung des Blei durch 
Schwefelwasserstoff stellten wir weisse Krystalle der freien Traubensdure 
her, die nach Umkrystallisieren aus heissem Wasser bei 202°C. unter 
Schaumen schmolzen. Die Sdéure™ wurde nach den Trocknen iiber Schwe- 
felsiure analysiert. 

Subst. = 0.1791; CO, = 0.2075; H,O = 0.0668 gm. Gef.: C = 31.42; H = 4.18%. 

Ber. fiir C,H,O,: C = 31.98; H = 4.04%. 


Wie die naheren Verhiltnisse bei der Oxydation der Maleinsdure zur 
Traubensdure sind, ob die weitere Produkte liefert und wie das Verhalten 
der freien Mesaconsaiure bei Einwirkung von anodischem Sauerstoff ist, 
sollen die bereits im Gang befindlichen Versuch klaren. 


Zusammenfassung. 


(1) Bei der elektrochemischen Oxydation von Tolu-p-chinon an der 
Bleidioxydanode in verdiinnter Schwefelsdéure wurden die folgenden Oxyda- 
tionsprodukte erhalten: Ameisenséure, Mesaconséure, Traubensaure, 
Maleinsdure, Kohlendioxyd und Kohlenoxyd. 

(2) Maleinséure wurde bei den gleichen Bedingung wie bei der Oxyda- 
tion des Toluchinons elektrochemisch oxydiert, und ergab auch Ameisen- 
sdure, Traubensdure, CO2 und CO. Dadurch wurde Beziehungen zwischen 
Toluchinon und seinen elektrochemischen Oxydationsprodukten aufgeklart. 

(8) Der kinetische Verlauf der Gasabscheidung an der Anode wahrend 
der Elektrolyse wurde analytisch verfolgt. 


Yokohama Technische Hochschule. 





(1) Die Séure wurde durch vielmalige Elektrolyse aufgesammelt. 








